ings to receive bonuses. Overall, CMS estimated that PGPD participants reduced spending by $137 million over the program's 5 years. 9 Some question whether the magnitude of savings could have been overestimated due to the approach adopted for risk adjustment.
10, 11 The CMS used hierarchical condition categories (HCCs), which use claims-based diagnoses to determine a score for each beneficiary that is used for risk adjustment. 12 The observation that HCC scores increased more rapidly at some PGPD sites than in controls raised concerns that the program's apparent savings may have been due to changes in coding practices rather than improved care. 11 Second, nothing is yet known about the overall effect of the PGPD on vulnerable populations, specifically those eligible for both Medicare and Medicaid. 13, 14 Dually eligible beneficiaries are overwhelmingly poor, have little social support, 15, 16 and consume a disproportionate share of Medicare and Medicaid spending because of their multiple, severe health conditions and often cooccurring psychiatric disorders. [17] [18] [19] [20] [21] Vulnerable populations such as the dually eligible are of particular concern because the potential impact of the ACO payment model on their care is uncertain. On the one hand, high-need populations could benefit the most from improved care coordination and chronic disease management. Alternatively, their limited social resources and complex health conditions could lead physician groups to focus instead on other, less challenging populations.
In this article, we estimate the magnitude of savings achieved by the PGPD program for all beneficiaries and for both dually and nondually eligible beneficiaries, while testing the sensitivity of the findings to different risk adjustment approaches.
METHODS
We used Medicare administrative data to analyze changes in spending and diagnostic coding for beneficiaries assigned to each of the 10 PGPD participants and their local control groups. 8 A beneficiary was assigned to a PGPD medical group if its physicians delivered the predominance of that beneficiary's care; control groups comprised beneficiaries who resided in the same counties as PGPD beneficiaries but received their care from non-PGPD physicians. We used a quasiexperimental design comparing trends in spending among PGPD participants and controls. This difference-indifference design nets out fixed differences between PGPD participants and controls, as well as removes concurrent trends in local health markets. Sitespecific savings estimates were combined, weighted by the number of assigned beneficiaries, to estimate the overall differences in payments associated with the demonstration.
Data
We used Parts A (hospital) and B (physician services) Medicare fee- 
Study Population
We assigned beneficiaries to the 10 PGPD participants and control populations using CMS reported methods. 7, 8 Beneficiaries were weighted according to the person-months in Medicare to appropriately address program exit (death) and entry. 11 We repeated analyses on subsets of dually eligible and nondually eligible beneficiaries.
Outcome Variables
Our primary outcome measure is Medicare payments per person-year summed across all services (using the gross domestic product [GDP] deflator to adjust payments to 2009 dollars). 22, 23 Following CMS methods, we capped annual spending at $100 000 per beneficiary. 8 We also stratified annual Medicare spending for each beneficiary into major categories (eg, acute care hospital, skilled nursing, professional services). We further stratified physician services using the Berenson-Eggers Type of Service (BETOS) categories (eg, evaluation and management, procedures, imaging, diagnostic tests).
To provide insight into potential mechanisms of savings or whether efforts to control costs could have led to higher readmissions or emergency department visits, we report readmissions to the hospital within 30 days for any cause (stratified by medical and surgical hospitalizations) and visits to the emergency department (ED). Each was measured as an individual indicator of whether a patient experienced a given event in the year (ED visit or readmission for those hospitalized).
Control Variables
All models were adjusted for age, sex, and race (black/other), and interactions between these variables. Additionally we adjusted for federal disability and Medicaid eligibility status and race-specific income at the zip code level (proportion under the federal poverty line and proportion in a highincome group, defined within race at the 85th percentile). 24 Means of these variables are listed in eTable 2.
The official evaluation analyzing spending growth in the PGPD used the methodology of HCCs to risk adjust, which determines a score predicting spending based on the individual's demographic characteristics and the presence or absence of claims-based diagnoses. 12, 25 Hierarchical condition categories risk adjustment may be sensitive to diagnostic and coding practices for 2 reasons. First, it is sensitive to the practice intensity of physicians-the more visits, procedures, and tests delivered, the more opportunities there are to add diagnoses to the claims used to create HCCs. Second, coding diagno-SPENDING IN THE PHYSICIAN GROUP PRACTICE DEMONSTRATION ses on a claim involves subjective judgment. For example, a patient receiving a follow-up visit for hypertension who also has osteoarthritis could have either or both diagnoses coded on the claim. Including a second hypertension diagnosis has no effect on HCC, but adding osteoarthritis does. Variations in diagnostic testing, decisions about whether to attribute a new symptom (eg, joint pain) to a disease (eg, osteoarthritis), or intentional decisions to ensure the recording of all conditions can cause HCC scores for patients with identical illness levels to vary. [26] [27] [28] We therefore considered an alternative clinical risk adjuster less subject to diagnostic intensity or coding practices, the combined annual rates of hip fracture, stroke, colorectal cancer, and acute myocardial infarction (AMI) in participants and controls, averaged across enrollees in each site. These lowvariation conditions (LVCs) require an acute care hospitalization and therefore more closely reflect the true disease burden for these conditions. 29, 30 Prior research has found these conditions to be indicators of incident events. 29, 30 Furthermore, these measures predict mortality and health care expenditures at the regional level. 31 We identified LVCs using Medicare hospital claims and diagnoses (eTable 3). 32, 33 Annual rates for each LVC were calculated in the participant and control group for each of the 10 local areas by year.
Statistical Analysis
We compared the changes over time in payments for PGPD participants to those for local control beneficiaries to estimate the payment differences associated with participation in the PGPD. We used Stata 12 MP (StataCorp) to complete statistical analyses. This difference-in-difference research design mitigates confounding factors that could affect measured differences in payments or health status between participant and control groups. By comparing changes over time between the participant and control group, we also implicitly adjusted for broader trends in health care spending or Medicare beneficiary population health common to both groups.
For each outcome described above (overall spending, spending by category, and quality measures), we fit the following linear regression model:
for which Y ijt is a given outcome (ie, spending) for patient i, residing in site j, at time t, Participant=1 if a patient was assigned to a PGPD participant, and β 2jt reflects year-specific effects for each PGPD area (10 areas ϫ 9 years=90) to control for local and time-specific factors unrelated to the PGPD that could affect payments. The coefficients of interest were the 10 site-specific interaction terms (β 3j ) between Participants and the period after the PGPD was implemented, 2005-2009. To distinguish changes in the way PGPD sites treated patients from changes in the underlying health status of assigned patients, we further adjusted for demographic and clinical risks, using the LVC risk-adjustment approach described above. We compared the sensitivity of our results across risk adjustment methods (TABLE 1) .
We adjusted for intraclass correlation within each of the 10 PGPD areas, controls vs PGPD participants, and within beneficiary over time using techniques developed to address correlation within nonnested groups, multiway clustering of standard errors. 34 In our data, this approach yielded standard error estimates similar to those obtained using Huber 35 -White 36 sandwich estimates clustering by site and group (participants or controls).We estimated the cumulative association of the PGPD with payment differences as the weighted average of the 10 independent site-specific effects, β 3j, weighting estimates by the relative population share of each region. The significance threshold for all 2-sided t tests is .05. Further methodologic details are provided in the eAppendix available at http://www.jama.com.
RESULTS
The participant and control groups' mean age, proportion disabled, proportion dying annually, average number of comorbidities, and prevalence of each comorbidity were similar at baseline (eTable 2). Control group beneficiaries were slightly more likely to be women, Medicaid eligible, and black. Demographics of the participant and control groups did not change appreciably between the preintervention and postintervention periods, suggesting PGPD participants did not systematically target specific demographic groups for either enrollment or disenrollment.
The FIGURE depicts unadjusted annual means of spending in each year for beneficiaries assigned to PGPD physician groups and local controls. This figure illustrates that trends in the participants and controls were similar in the pre-PGPD period. The Figure also illustrates that for all enrollees, the reduction in growth of spending for nondually eligible beneficiaries was modest. Overall, average annual Medicare payments per beneficiary in PGPD participating sites increased by $1206 (15.2%) between the preintervention and postintervention periods and $1230 (16.5%) for controls. After adjustment, per capita annual savings estimates were modest ($114, 95% CI, $12-$216, P=.03, Table 1 ) (full regression results are available upon request). This result reflects the average of significant annual savings in the dually eligible beneficiaries ($532, 95% CI, $277-$786, P Ͻ .001) and nonsignificant savings in the nondually eligible beneficiaries ($59, 95% CI, $166 in savings to $47 in additional spending,
P=.28).
Savings estimates were sensitive to the approach to risk adjustment used. These analyses are presented in Table 1 . The true per beneficiary savings attributable to the PGPD therefore are likely to lie between the conservative mean LVCadjusted result ($114) and the mean HCC-adjusted result ($496, 95% CI, $468-$524, Table 1 ), which may be more susceptible to coding biases.
Changes in participant and control group health status during the study period differed depending on the measurement method used. The baseline mean HCC score was 1.05 for PGPD participants and 1.03 for the local controls (eTable 2). Mean HCC scores increased to 1.18 for PGPD participants, a 12.4% increase, and to 1.12 for con- (Table 1) . Only 4 sites saved a significant amount across all beneficiaries (University of Michigan, Marshfield, Billings, and Forsyth), whereas 3 sites had no significant change and 3 sites increased expenditures relative to controls during the PGPD. DartmouthHitchcock and Geisinger only exhibited savings under the HCC riskadjustment approach; both had relatively large increases in HCC scores relative to their control group (Table 1) .
Models stratified by the type of service demonstrate that significant savings occurred across all patients in acute care ($118, 95% CI, $65-$170) and home health care ($17, 95% CI, $7-$28, TABLE 2). Further, analysis revealed that in sites where savings occurred on acute care, hospitalization rates declined during the PGPD.
The Figure illustrates unadjusted growth in Medicare spending separated for dually eligible and nondually eligible beneficiaries. Within the dual beneficiary population, the rate of growth was similar in the intervention and control groups before the intervention. Between the preintervention and postintervention periods, the spending growth rate for dual beneficiaries treated by PGPD participants was 9.7% compared with a 15.3% increase among those treated by local control practices. As noted, this translates into mean $532 in annual per beneficiary savings in the dually eligible beneficiaries (95% CI, $277-$786, P Ͻ .001, Table 1 ), or a 5% decrease in Medicare spending for the dually eligible patient. Savings in the dually eligible were less sensitive to the risk-adjustment approach ( Table 1) .
Much of these mean savings were achieved through a reduction in acute care hospitalizations ($381, 95% CI, $247-$515, Table 2 ), procedures ($55, 95% CI, $15-$94), and home health care ($28, 95% CI, $64 in savings to $8 in additional spending). The reductions in spending were roughly similar across diagnosis groups, suggesting that savings may have been achieved through better care management overall rather than through diseasespecific interventions.
The proportion of the assigned patient population that was dually eligible ranged from 11% in Billings and Middlesex to 20% in Forsyth, with a mean of 15% across all sites. Annual baseline spending on dually eligible beneficiaries ranged from $8739 in Marshfield Clinic to $17 511 in the University of Michigan Faculty Group Practice (Table 1) . These 2 sites achieved substantial mean savings in the dually eligible beneficiaries (Marshfield, $987, 95% CI, $765-$1209 or 11%, University of Michigan, $2499, 95% CI, $2371-$2627 or 14%). Park Nicollet achieved substantial savings in the dually eligible beneficiaries ($1610, 95% CI, $1512-$1708) but also experienced increased spending in the nondually eligible ($188, 95% CI, $114-$262) and so on average did not produce savings.
There was no overall association between the PGPD and the probability of ED visits in either the full PGPD population or among dually eligible beneficiaries (TABLE 3) . These averages, however, mask significant reductions in ED visits in the sites that produced the largest savings in dually eligible beneficiaries, Marshfield, Park Nicollet, and the University of Michigan. The PGPD was associated with lower medical 30-day readmissions on average across the 10 sites and lower readmissions for both medical and surgical admissions in the dually eligible beneficiaries (Table 3 and eTable 4).
COMMENT
We found modest estimates of overall savings associated with the PGPD, but larger savings among the dually eligible, a vulnerable patient population. Our estimates indicate that on average, the PGPD saved a mean of $114 annually per beneficiary assigned to a physician group in an ACO-like model. This overall result masks substantial heterogeneity in results across participating institutions and by population subgroup. Among dually eligible beneficiaries, PGPD physician groups achieved a mean annual per capita savings of $532, or 5%, while savings among nondually eligible beneficiaries were not statistically significant. Savings were achieved in large part through reductions in hospitalizations.
The association between the PGPD incentive structure and payment differences varied widely by site, with some sites producing large reductions in spending growth in response to the shift away from fee for service while others experienced increased spending compared with local physician groups. Spending reductions did not appear to be associated with lower quality of care, whether reflected in their previously reported quality scores, 37 or with measures of readmission rates and ED visits.
The variation both in levels and changes in risk-adjusted spending across the participating organizations was remarkable. We know little about why some succeeded and others failed to achieve savings. One hypothesis is that organizations beginning with higher spending levels have greater opportunities to achieve savings. The University of Michigan had the highest mean baseline spending ($12 714 overall, $17 511 on dually eligible beneficiaries) and achieved the greatest per beneficiary savings. However, 2 relatively low spending systems, Marshfield and Park Nicollet, also experienced substantial savings among dually eligible beneficiaries.
Other factors may have contributed to achieving higher levels of performance in some sites, such as governance models; internal leadership; physician engagement strategies; the degree of coherence of electronic health records and other health information technological tools; and the specific approaches adopted for chronic disease management, care transitions, and quality improvement. 38 It is not possible to analyze the specific contributions of disease management and care coordination programs in the PGPD, and thus conclusions are largely speculative. 38 Still, we may conjecture that the size of the institution could affect the incentives to implement fundamental changes in the delivery system-the larger the system, the more likely preexisting informa- tion systems are in place and the greater the absolute dollar Medicare performance bonus for a given proportional reduction in Medicare costs. We do find evidence for this hypothesis, as cost savings and the number of physicians in each network were correlated (=0.52, P =.12) for overall savings and in savings in the dually eligible beneficiaries ( =0.63, P =.049). Dually eligible beneficiaries have historically proven to be a difficult group to manage because of high illness burden, low socioeconomic status, and lack of social supports. Our results suggest that while some care management or coordination programs have failed to demonstrate savings, [39] [40] [41] [42] ACOs and similar shared-savings contracts have the potential to improve care for this high-cost group. In response to the contingent shared-savings incentives in the PGPD, participating physician groups reported creating chronic condition management programs, patient registries, case coordination teams, and instituting electronic medical records. 38 We might expect these programs, aimed at coordinating care across clinicians and supporting care for chronic conditions, to have the largest influence on the dually eligible population. However, it does appear that much of the cost savings in the dually eligible beneficiaries came in the first few years of the program (Figure) ; later years showed more rapid growth in spending relative to controls, possibly owing to the limited time horizon of the PGPD program. Although current Medicare ACO programs are initially planned to last 3 to 5 years (Shared Savings Program and Pioneer), they are renewable after the initial time period.
Our results stand in contrast to the modest savings reported in the Massachusetts Alternative Quality Contract (an early ACO model), which appear to have been achieved largely by focusing referrals on lower cost providers, rather than through reductions in utilization. 43 While the Alternative Quality Contract applied to a younger and comparatively much healthier commercially insured population, the highrisk group in their study did achieve the largest savings. Our results from the PGPD suggest that participants found ways to achieve savings through improving care and reducing expensive services such as hospitalizations. This article highlights the potential benefits of the ACO model for patients with serious or complex illness, a group for whom improved quality and coordination is especially important.
This study has important limitations. First, we did not have access to the exact methods CMS used to calculate savings. Published reports, however, provided reasonable guidance and our application of these methods resulted in estimates that are similar in magnitude and direction to those published by CMS (eTable1). Second, we acknowledge that the LVC approach to risk adjustment could have underestimated or overestimated savings had there been other real changes in health status between periods not associated with our measures of LVCs. There are a number of factors that can affect riskadjusted savings estimates (eg, patient selection, differential Medicare Advantage enrollment, pay for performance increasing coding intensity). By providing a range of estimates we hope to present the reader with plausible bounds on effect sizes. While preventive efforts, incentivized through pay for performance in the PGPD, may affect health status, research suggests that many years of continuous preventive treatment are likely to be required to reduce the incidence of AMI and stroke. An exception is colorectal cancer screening, which we expect would increase the number of colorectal cancer surgeries in the short term. Thus, while far from perfect, the use of LVCs is a reasonable and potentially less biased alternative to HCC adjustment.
Third, our significance test for the overall cost savings from the PGPD assumes that the treatment effects in each region are independent. If spillover effects occurred whereby one PGPD learned from the experiences of others how to reduce expenditures, our confidence intervals would be biased downward. An alternative approach that adjusts only for the correlation over time for a given beneficiary (as was used to estimate savings from the Blue Cross Blue Shield Alternative Quality Contract), 43 would imply that our confidence intervals are far too conservative.
Finally, our data sources only inform us about Medicare spending in the fee-for-service population. We did not measure any possible spillover effects among those enrolled in Medicare Ad- vantage, nor did we measure Medicaid costs for the dually eligible beneficiaries, which may substitute in part for a reduction in Medicare costs. 44, 45 However, most of the evidence on costshifting between Medicaid and Medicare has emphasized policy changes in Medicaid that incur costs for Medicare, rather than the reverse. 46 Medicare covers acute care services for the dually eligible, while Medicaid covers Medicare premiums, cost sharing, and long-term (custodial) nursing home services. If Medicare spending is reduced, the cost sharing portion paid by Medicaid would also likely decrease. A shared savings model could, however, shift costs from Medicare to Medicaid for those who are institutionalized if reduced hospitalizations resulted in more Medicaid-paid nursing home days, rather than Medicare-paid hospital or skilled nursing facility days (paid for by Medicare after a preceding 3-day hospital stay). However, we did not observe reductions in Medicare skilled nursing spending in the dually eligible, savings for the noninstitutionalized dually eligible beneficiaries were similar to those we report, and we found no evidence of an increase in institutionalization among dually eligible beneficiaries in the PGPD compared with controls.
Our data sources also limited the information we had on quality, and we only measured utilization-based indicators of quality. Despite modest cost savings to the Medicare program overall, quality metrics in the Demonstration improved for every institution. We did not measure any clinical or patient reported outcomes but all PGPD sites were required to collect quality information data for payment purposes, and all sites significantly improved quality of care during the demonstration period.
9 Because limiting care is an important concern particularly for vulnerable groups, further work could more carefully consider how spending reductions affect other quality measures.
Our results suggest that the ACO reforms included in the Affordable Care Act, such as the Pioneer and the Medicare Shared Savings Programs, have at least the potential to slow spending growth, particularly for costly patients . 21, 47 The remarkable degree of heterogeneity across participating sites underscores the importance of timely evaluation of current payment reforms and a better understanding of the institutional factors that lead to either success or failure in effecting changes in health care practices.
